


Intraoral Mandibular Distraction 5 


Cesar A. Guerrero, William H. Bell, Gisela l. Contasti-Bocco, 
Aura M. Rodriguez, and Rafael V. Contasti 


The aim of this chapter is to review the indications and biomechanics of intraoral 
mandibular distraction and focus on the clinical outcomes and innovations utilizing 
intraoral distraction devices. 

The key variables with mandibular distraction remain the following: controlling 
the vector of distraction, determination of the ideal distraction site, selection of the 
proper distraction device, optimization of the regenerate, management of postopera- 
tive occlusion, and avoidance of possible damage to nerves, muscles, and teeth. 
Studies on long-term follow-up of these surgical interventions permit the clinicians 
to develop predictable surgical protocols for patients with severe malformations or 
deformations. 
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5.1 Mandibular Widening by Distraction 


Severe dental crowding is usually a component of a micrognathia, including a defi- 
ciency in the three planes of space: anteroposterior, transverse, and vertical. During 
childhood, the deformity may cause severe airway obstruction, limitations in feed- 
ing, and temporomandibular joint disorder (TMJD). Most patients with light or 
moderate deficiencies are currently treated by orthodontics alone with limited 
results, teeth moved outside the alveolar bone, gingival recession, premolar extrac- 
tions, and unsatisfactory facial esthetics and smile [1—5]. 
Indications [2, 5—7]: 


e Narrow V-shaped mandible 

e Severe mandibular crowding to avoid dental extractions 
e Scissor bite (Brodie syndrome) 

e Maxillomandibular transverse deficiency (“tunnel smile, 
e Impacted anterior teeth 

e Treatment after bicuspid extractions 

e Congenital absence of the teeth 
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crocodile bite’’) 


5.1.1 Preoperative Assessment 


5.1.1.1 Dental Model Analysis 

The amount of widening required is calculated according to the following variables: 
available space versus required space, inclination of the incisors (1 MPa = 90°), 
deep bite, or a marked curve of Spee, intermolar width, and size of the incisors. 


5.1.1.2 Soft Tissue Skeletal Analysis 

There should be a healthy periodontium around the teeth where the osteotomy will 
be performed, with at least 1 mm of the bone protecting the roots on either side of 
the osteotomy, to produce bone generate in the distraction process. The lack of bone 
at the osteotomy level can lead to delayed healing or periodontal defects. The oste- 
otomy design and site are selected based on bone quantity between the roots and the 
inclination of the teeth. A Bolton discrepancy analysis is also performed to calculate 
the amount of widening required and to predict the final maxillomandibular anterior 
teeth overjet and overbite [6-10]. 


5.1.2 Surgical Planning 


A variety of devices for mandibular widening have been developed. The tooth- 
borne lingual appliance or the uni-arm devices are the best options. The recently 
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developed uni-arm device can be applied on the buccal or the lingual side [2-10]. 
The bone-borne device to widen the mandible has limited use because of associ- 
ated costs and the need for a secondary stage for device removal; equal surgical 
outcomes can be obtained with dental-borne, bone-borne, or hybrid devices 
[S—10]. 

To avoid complications with the dental-borne appliance during or after surgery, 
several steps are fundamental to prevent device dislodgment. First, dental bands 
are selected one size larger than indicated, because in the welding process, the 
metal bands contract. Second, the orthodontist must place the device under the 
equator of the teeth, closer to the gingival margin. Third, the device must be fixed 
to the teeth-utilizing glass ionomer cement. Fourth, attention must be given to the 
passiveness of the dental-borne appliance as well as to the parallelism to the 
occlusal plane [10, 11]. 

Presurgical orthodontic therapy includes complete maxillary arch alignment and 
leveling. After the maxillary teeth are ideally positioned, a final diagnosis and 
reevaluation are made to plan the deconstructed mandibular arch as wide as the new 
maxillary alignment. Until that time, no braces are placed on the mandible unless 
there is a need to open an interdental space for the osteotomy to avoid damaging the 
dental roots. The orthodontist selects the optimal appliance according to the require- 
ments already mentioned and, more importantly, calculates the amount of widening 
required, as based on the occlusogram. Finally, the proper distraction screw length 
is selected [10, 11]. 

For maxillary widening, the maxilla is expanded anteriorly and posteriorly. The 
hyrax appliance will expand the maxilla symmetrically, provided that all osteoto- 
mies are completed [12-14] (Fig. 5.1). A different scenario occurs in mandibular 
widening. While the mandible is widened anteriorly, the distance decreases in a 
posterior direction, for example, from 7 mm widening in the incisor region to only 
0.9 mm at the intercondylar level. Postoperatively a transverse crossbite is observed 
at the level of the canines and premolars that progresses to edge to edge at the first 
molar region and normal transverse bite at the second molar level. As the orthodon- 
tist is closing the anterior gap, the lateral crossbite is corrected (Fig. 5.1). The plan- 
ning must include all measurements that can be predicted in the models and 
occlusograms [10-14]. 

Major mandibular crowding (Brodie bites) requires larger surgical movements. 
Large mandibular widening must be accompanied with a similar maxillary widen- 
ing to obtain an optimal transverse maxillomandibular relation to prevent premolar 
extractions, improve the smile width, and eliminate the “sinking lips” appearance. 
The latter is observed following orthodontic therapy and premolar extractions. The 
NiTi arches are widely used in orthodontic therapy and are thermically activated to 
progressively move the teeth outside the alveolar bone limits. Gingival recession 
and root resorption can be avoided with proper diagnosis and increasing bone vol- 
ume by mandibular widening [10-13]. 
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Fig. 5.1 Transverse or horizontal deficiency in a 11-year-old female. Treatment plan included 
mandibular osteotomy for distraction expansion. Total orthodontic surgical treatment time was 
12 months. (a) Preoperative. (b) Postoperative frontal facial views are shown (c) 4 years follow up. 
(d—e) Vertical osteotomy of mandible for mandibular widening. (f) Mandibular occlusal view 
showing transverse deficiency and during activation. (g) Orthodontics alignment. (h) Mandibular 
view during orthodontic therapy (i) Posttreatment mandibular occlusal view with dental restora- 
tion. (j) Pretreatment intraoral frontal view. (k) Intraoral frontal view during activation. (l) 
Posttreatment intraoral view. (m) Pretreatment panoramic radiograph. (n) Posttreatment pan- 
oramic radiograph. (o) Panoramic radiograph 7 years follow-up 
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5.1.3. Widening the Symphysis or Parasymphyseal Region 


The incision is made 4—6 mm labial to the depth of the mandibular vestibule. The 
periosteum is reflected inferiorly to the lower border of the mandible, and a small 
channel retractor is placed. It is carefully elevated, keeping in mind that much of the 
bony generation originates from the periosteum. The soft tissue between the man- 
dibular central incisors is reflected superiorly with a skin hook to the alveolar crest 
with minimal detachment of the neighboring tissues [8—10] (See Fig. 5.1). 

A vertical osteotomy is made in the symphyseal area with a reciprocating saw, 
starting at the inferior border of the mandible, continuing to the interdental space 
between the apices of the mandibular incisors, only in the outer cortex, to avoid 
interdental overheating. A straight hand piece with a surgical bur is used to cut 
across the labial cortical plate of the mandible to the alveolar crest. No attempt is 
made to use the saw or the bur between the roots of the teeth. This surgical maneu- 
ver emphasizes the importance of proper selection of the distraction site and the 
need for preoperative orthodontic therapy to open a surgical space. The final sec- 
tioning is done with a mallet and a spatula osteotome. The forefinger should be used 
as a guide to avoid tearing of the lingual soft tissues. An alternative osteotomy site 
in severe dental crowding is between the lateral incisor and canine. The osteotomy 
needs to be completed interdentally and continued toward the mandibular midline. 
A step in the osteotomy design is preferred since a complete vertical lateral 
osteotomy would create an asymmetric chin as the mandible is widened [8—10] 
(See Fig. 5.1). 


5.1.4 Combined Mandibular Widening and Genioplasty 


After the soft tissues have been elevated, a channel retractor is placed through a tun- 
nel under the mental nerve to the level of the first molar. A dental caliper is used to 
measure the canine from the lateral cephalograms, and the distance plus 5 mm is 
transposed to the mandible, measuring from the incisal edge to a position under the 
apex of the canine on either side. Vertical lines are marked to serve as reference 
lines. A reciprocating saw is used to perform a bicortical osteotomy at the inferior 
border of the mandible starting at the first or second molar region, continuing ante- 
riorly toward the symphyseal midline and passing by the reference lines. Care must 
be taken to avoid injury of the alveolar nerve. The osteotomy is completed with the 
reciprocating saw [8-10] (See Fig. 5.1). 

At this point, the inferior segment is attached to the soft tissues. It is important to 
maintain this pedicle at all times, limiting the periosteal elevation to a minimum. 
The remainder of the mandibular symphysis is intact at this moment. The recipro- 
cating saw is used to perform a vertical osteotomy at the preselected distraction site. 
The remainder of the surgical procedure 1s done as previously described. Genioplasty 
fixation is accomplished with wires, screws, or plates; a periosteal elevator is used 
to create a gap at the distraction site between the two bone segments to be distracted. 
By forcing them open while the wires are tightened or plates are fixated, the site will 
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Fig. 5.2 Same patient as in Fig. 5.1. Space was created for descent of the right upper central inci- 
sor. Progressive maxillary expansion dictated simultaneous mandibular widening. (a) Pretreatment 
intraoral view. (b) Intraoral view during activation. (c) Posttreatment intraoral view. Note the sat- 
isfactory occlusion; a lower central incisor was removed secondary to Bolton’s discrepancy. 
(d) Pretreatment panoramic radiograph. (e) Panoramic radiograph during treatment (f) 
Posttreatment panoramic radiograph 25 years later 


have a triangular shape at the end of the procedure with an open base at the bottom. 
After the distraction appliance is activated, the interdental space opens, and the 
triangular-shaped space transforms into a vertical rectangle (Figs. 5.1 and 5.2). 


5.1.5 Distraction Protocol [2, 5, 7-13] 


1. Osteotomy: the bone is completely separated either with a reciprocating saw or 
small fissure bur, under abundant irrigation to avoid overheating. The final sepa- 
ration 1s done with a small chisel after fixating the distraction device and pre- 
venting fragment displacement. 

2. Latency period: 7 days after the osteotomy is performed, the distraction device is 
activated. 
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3. Rate and rhythm: the device is activated 1 mm a day, or half a millimeter twice a 
day, until the desired activation is completed. 

4. Consolidation: the distraction device remains in place 60 days for each centime- 
ter of distraction. 

5. Remodeling: this is the final distraction protocol phase, when function and inter- 
maxillary elastics may mold the regenerate, and the muscles and associated soft 
tissues settle into the final bone healing stage. 


5.1.6 Variables 


There are four important variables in distraction osteogenesis: age of the patient, 
amount of skeletal movement, and quality and quantity of the bone. These variables 
will influence the distraction protocol; children may require a shorter latency period; 
an older patient would need an activation rate of half a millimeter per day, and larger 
movements require much longer consolidation periods, up to 12 months in large 
movements. 


5.1.7 Postoperative Care 


At the completion of the distraction process, acrylic is placed over the distraction 
rod and the wires around the teeth to provide more rigidity and allow the patient 
to advance to a soft diet. At this time also, the orthodontist adds a cosmetic acrylic 
tooth in the orthodontic arch to prevent the teeth from “walking” into the imma- 
ture distraction area. After consolidation is achieved, the appliance is removed, 
and the clinician evaluates the radiographs for evidence of mineralization. The 
orthodontist continues the treatment. The interdental incisor distraction gap is 
filled with a plastic tooth which is reduced 0.5 mm a month from each interproxi- 
mal surface (1 mm) to progressively close the distraction gap and complete the 
orthodontic treatment. The orthodontic treatment is resumed 60 days after sur- 
gery, and braces are maintained for at least 6 months. The occlusion is carefully 
finished, and standard retention is indicated. The orthodontist must avoid moving 
the teeth into the newly formed bone at the distraction zone. The transseptal fibers 
will pull the adjacent teeth to the distraction zone and could produce periodontal 
problems and loss of tooth vitality. It is advised to utilize wire ligatures to main- 
tain the teeth in position during the consolidation period. After mineralization is 
seen in the radiographs, the teeth are moved | mm per month to close the inter- 
dental space (Fig. 5.2). 


5.2 Mandibular Lengthening by Distraction 
Virtual analysis, 3-D models, and virtual prediction have become standard tools in 


making the diagnosis, planning the treatment protocol, and communicating among 
the orthodontist, surgeon, patient, and family. 
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In intraoral distraction complex three-dimensional, movements are possible and 
predictable. Since surgical goals are often multidimensional, more than a single 
distraction device and vector change may be needed to correct the myriad of clinical 
presentations of mandibular deficiency. Precise preoperative planning must con- 
sider the biomechanical effect of appliance orientation for predictable widening and 
lengthening of the mandible [15-19]. 


5.2.1 Clinical Indications 


. Major mandibular 3-D deficiencies 

. TMJ degenerative joint disease 

Sleep apnea 

. Inadequate mandibular anatomy for bilateral sagittal split osteotomy (BSSO) 
. Secondary mandibular advancements (relapse after conventional BSSO) 

. Children with severe mandibular deformities 


5.2.2 Surgical Procedures [19-26] 


1. Sagittal split ramus osteotomy 

2. Body osteotomy 

3. Horizontal ramus osteotomy 

4. Combinations (vertical and horizontal lengthening) 


5.2.2.1 Ramus Sagittal Split Osteotomy [19-25] 

A standard sagittal split osteotomy is performed. An intermediate splint is used, and 
intermaxillary fixation is applied either to the orthodontic hooks or bone screws. 
Proximal segment fixation is temporarily achieved with one or two bicortical screws. 
The wound is closed, and the distraction device is transmucosally fixated. After 
adequate device stability is obtained, the mandibular provisional bicortical screws 
fixation are removed (Fig. 5.3). The advantage of having the appliance extra- 
mucosal is that the distraction zone will be watertight closed. It is also easier to 
remove the device at the end of the consolidation period. 

For patients requiring bilateral advancement, the distraction device must be par- 
allel to the vector of distraction, as the mandible is wider in the back and narrower 
in the front. An adjustment is made to the device by creating a step of 5-8 mm to 
compensate for this important variation in mandibular width. This maneuver is done 
to avoid placing lateral torque force against the condyle, loosening of the screws, 
and bending of the appliance (Figs. 5.4 and 5.5). 
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Fig. 5.3 A 2-year-old female with micrognathia and obstructive sleep apnea (OSA) treated by 
mandibular lengthening via distraction. (a-d) Preoperative and postoperative frontal view extending 
to 17 years follow up. (e-h) Preoperative and postoperative Profile view. (i) Percutaneous placement 
of screw in intraoral distraction device. (j) Distraction devices in place (right). (k) Distraction 
devices in place (left) 


An anterior open bite could develop during the activation phase because of the 
lack of parallelism between the occlusal plane and the distractor rod. After the 
appliance is fully activated, the device arm is released, and the mandible is 
rotated until the open bite is closed and replaced in the final acceptable occlusal 
position. This maneuver is performed under IV sedation in the clinic. Lateral 
cephalograms are essential to plan and evaluate the bony movements (Figs. 5.4 
and 5.5). 
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Fig.5.4 Same patient as in Fig. 5.3. (a) Panoramic radiograph preoperative. (b) Panoramic radio- 
graph with devices in place and Erich arch fixation by circummandibular wires. (c) Panoramic 
radiograph at the completion of activation. (d) Panoramic radiograph 17 years after treatment. (e) 
Intraoral view preoperative. (f) Intraoral view at the completion of activation. (g) Intraoral view 
after orthodontic dental alignments. (h) Intraoral view 17 years after treatment. (i) Lateral cepha- 
logram preoperative. Note the severe micrognathia and retroglossal airway obstruction. (j) Lateral 
cephalogram with distraction devices in place. (k) Lateral cephalogram after distraction and during 
orthodontic therapy. (l) Lateral cephalogram final result. Note the lengthening of the mandible and 
expansion of the airway 


5.2.2.2 Body Osteotomy (Anterior to the Mental Nerve) [19-26] 

An incision is made in the vestibule, the periosteal layer elevated inferiorly, care- 
fully looking for the mental nerve. A vertical osteotomy anterior to the mental nerve 
is made between the canine and premolar or between the two premolars (Fig. 5.6). 
The reciprocating saw is utilized to perform the osteotomy from the inferior border 
of the mandible, aiming superiorly bicortically with the forefinger on the lingual 
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Fig. 5.5 A 17-year-old female with mandibular deficiency and temporomandibular joint degenerative 
disease treated simultaneously with mandibular lengthening, mandibular widening. and genioplasty. 
(a) Frontal view preoperative. (b) Frontal view postoperative. (c) Frontal (smiling) view preoperative. 
(d) Frontal (smiling) view postoperative. (e-h) Serial profile views. (H) Serial occlusal views (lateral). 
(m-p) Serial lateral cephalograms. (q) Preoperative occlusal view (mandible). (r) Occlusal view 
(mandible) with distraction devices in place. (s) Occlusal view (mandible) postoperative 
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side to avoid mucosal perforation, up to the level of the dental roots. A fissure bur is 
used to make a line of holes between the dental roots, and the holes are united, sec- 
tioning the buccal plate under irrigation. A spatula osteotome and a mallet are used 
to complete the osteotomy. An interdental wire, Bridle wire, around the neck of the 
teeth, two on either side, is placed for temporary fixation. The wound is closed, and 
the distraction device is fixed transmucosally with bicortical screws and interdental 
wires reinforced with acrylic on top for stabilization at the teeth level to avoid dental 
root damage (Fig. 5.6). 

The indication for this technique is major anteroposterior movements, the 
possibility to obtain a larger movement at the inferior border of the mandible and 
a smaller movement between the teeth. The mandibular nerve is left intact, and 
the technique improves the mandibular shape by changing the gonial angle 
(Fig. 5.6). The new space created between the teeth is closed with orthodontics, 
either by reciprocal movements or advancement of the posterior teeth anteriorly 
from mini implants for elastics anchorage at the canine level. The distraction 
chamber interdental space is closed by orthodontics mechanics (Fig. 5.6). 


5.2.3 Postoperative Considerations 


The distraction device should be removed only after ossification has been radio- 
graphically documented. 


5.2.4 Postsurgical Orthodontics 


Class II elastics are indicated both during the activation and consolidation phases to 
prevent reciprocal forces applied to the temporomandibular joints. 

After the appliances are removed, the surgical arches are removed, and progres- 
sive detailing of the ideal teeth positioning is obtained. It is recommended that the 
orthodontic appliances are maintained for 12 months after surgery to ensure bone 
consolidation and stability. 


5.2.4.1 Horizontal Ramus Osteotomy [19-26] 

A 3 cm incision is made over the mandibular oblique line. The periosteum, mus- 
cles, and soft tissues are minimally detached to maintain the best blood supply 
possible. A Kelley clamp is placed on the anterior border of the ramus as high as 


A 


Fig. 5.6 A 21-year-old female with severe mandibular deficiency and obstructive sleep apnea. 
Bilateral mandibular distraction was performed (body osteotomy anterior to mental nerve). 
(a) Frontal view preoperative. (b) Frontal view 5 years after distraction. (c) Lateral view preopera- 
tive. (d) Lateral view after treatment. (e) Intraoral view pre-distraction. (f) Intraoral view post 
distraction with orthodontic appliances. (g) Intraoral view posttreatment. (h-j) Intraoperative view 
with distraction devices in place. A genioplasty and Le Fort I osteotomy were also performed 
simultaneously. (k, l) Schematic outlines of osteotomy and distraction devices before and after 
activation. (m) Lateral cephalogram before treatment. (n) Lateral cephalogram during distraction. 
(0) 4 years after distraction 
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possible, and an inferior border of the mandible retractor is placed just above the 
inferior alveolar nerve at its entrance just superior to the lingua. A reciprocating 
saw 1s used to perform the horizontal osteotomy, protecting the soft tissues working 
within the periosteal envelope, from the posterior to the anterior border of the man- 
dible. It is an incomplete osteotomy momentarily since the jaw should be in one 
piece to ease placing the transcutaneous screws that fixate the distraction device. 
The vertical distraction appliance is secured by bicortical screws through a percu- 
taneous trocar. All distraction devices should be fixated before the osteotomy is 
completed through. A small straight chisel and the use of a torque movement com- 
plete the osteotomy. 


5.2.4.2 Combinations 

Combining body and ramus distraction allows the formation of the mandibular 
angle and creates bony regenerate for dental crowding alignment. This is the authors’ 
preferred technique to treat unilateral and bilateral craniofacial microsomia or man- 
dibular deficiency secondary to TMJ ankylosis. In these patients, the surgical goals 
are to increase mandibular ramus height and mandibular body length and relieve 
severe dental crowding. 

The horizontal osteotomy is completed as previously described, and the wound 
is closed leaving the distraction device completely buried (Fig. 5.7). 

A second osteotomy site is selected, usually between the premolars and a posi- 
tion anterior to the mental nerve. The reciprocating saw is used from the inferior 
border of the mandible, carefully elevating the soft tissues to visualize the dental 
roots or space between the premolars. The osteotomy is not completed, but the 
wound is partially closed, leaving a little gap to exert rotational force with a chisel 
to complete the osteotomy after placing the distraction device which is fixated with 
bicortical screws in the inferior arms and usually interdental wires with acrylic for 
reinforcement. The activation rod must exit at the level of the occlusal plane 
(Fig. 5.7). 

This surgical technique has two objectives: to obtain equal mandibular ramus 
heights and to correct the severe anterior-posterior deficiency. These allow the 
orthodontist to align the teeth and correct the dental midline. However, the chin 
deformity and maxillary vertical issues need to be addressed at the time of distrac- 
tion device removal. Children during active growth have little trouble treating 
discrepancies in the maxilla by orthodontic means along, slowly and progres- 
sively bringing the maxillary teeth into the new mandibular plane. Adults require 
a maxillary Le Fort I osteotomy with inferior repositioning, fixation with titanium 
plates, and vertical bone grafts obtained from the contralateral intact mandibular 
ramus. 

The consolidation period for large movements varies widely. The body osteot- 
omy heals faster than the mandibular ramus distraction. Lengthening the ramus 
requires a much longer mineralization period. Average time for a neonate is 8 
months and up to 18 months in adults. Complex intraoral mandibular distraction is 
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Fig. 5.7 An 8-year-old male patient with TMJ ankylosis treated with unilateral mandibular (ramus 
and body) distraction. (a) Frontal view pretreatment. (b) Frontal view immediately post distraction. 
(c) Frontal view 10 years postoperative. (d) Lateral view pretreatment. (e) Lateral view immediately 
post distraction and TMJ arthroplasty. (f) Lateral view after genioplasty. (g) Schematic of osteotomy 
sites with position of distraction devices. (h) Outline of mandible and proposed submandibular inci- 
sion. (i) Distraction device (ramus) inserted through submandibular incision. (j) Intraoral view 
showing activation rod (k) Distraction device (body) inserted through intraoral incision. (1) Intraoral 
view preoperative. (m) Intraoral view post distraction and during orthodontic therapy 
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Fig. 5.8 Same patient as in Fig. 5.7. (a) Panoramic radiograph preoperative. Note the unilateral 
TMJ ankylosis. (b) Panoramic radiograph following activation of ramus and body distraction 
devices. (c) Panoramic radiograph showing TMJ implant. (d) Intraoral view preoperative. 
(e) Intraoral view postoperative. Note the increase in interincisal opening 


a stable surgical technique if the complete consolidation period is observed before 
the distraction devices are removed (Fig. 5.8). 

The surgeon must have the ability to change the final position of the distal 
segment after the activation phase is complete. Large mandibular disharmonies 
should not be treated by orthodontic therapy alone, since this type of dental 
movement can result in inadvertent relapse and periodontal defects and tooth 
loss. Change of the vector during activation or early consolidation period is a 
safe way to close an anterior or posterior open bite. Increasing the activation 
unilaterally could correct a deviated midline or mandibular asymmetry. After the 
activation phase is completed and the patient reaches a class I position with an 
adequate mandibular projection, the occlusion is carefully evaluated, and a deci- 
sion to change the distal fragment is taken. The patient is placed under IV seda- 
tion, and local anesthetics are injected. Removing selected screws bilaterally 
disconnects the superior arms of the distraction device, maintaining one single 
bicortical screw on either side of the inferior arms to maintain the inferior border 
of the mandible lengthening. After reducing the interdental gap by contracting 
the segments superiorly, but not inferiorly, following screw removal, the mandi- 
ble is digitally rotated around the inferior screw, changing the distal segment 
inclination. The 1 MPa changes from the 100s to the 80s as the segment rotates, 
and the distraction zone decreases in size between the teeth. The anterior open 
bite closes, and pogonion position is projected. 

Orthodontic therapy is resumed 3 months after surgery, since large distractions 
require longer consolidation times. Orthodontic micro-implants may be needed to 
provide anchorage for large anterior movement of the molars to close the created 
interdental gap by moving the teeth anteriorly. These distraction techniques are pre- 
dictable and stable, allowing major combined movements of 20-30 mm in each 
direction. Distraction osteogenesis is indicated for these clinical situations, whereas 
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traditional orthognathic surgery would offer only limited outcomes, relapse, insta- 
bility, or failures (see Figs. 5.7 and 5.8). 


5.3 Bone Transport by Intraoral Distraction 
5.3.1 Indications 


e Medically compromised patients in whom major bone grafts are not indicated 

e As an alternative for secondary surgery after an unsuccessful bone graft 
reconstruction 

e Following removal of benign tumors or malignancies not requiring radiation 

e Reconstruction of gunshot wound defects 

e Management of osteomyelitis 

e Treatment of malunions/nonunions 


Bone transport is the concept of creating bone and soft tissues employing the 
principles of distraction osteogenesis. Osteotomies are made, and distraction devices 
are applied, following the distraction osteogenesis protocol. Depending on the num- 
ber of surgical sites for the reconstruction, it could be classified as bifocal, trifocal, 
tetrafocal, and pentafocal [27-31]. Planning several segments to create an ideal 
mandibular shape is key to reduce treatment time, to obtain ideal height and width, 
and to create the optimal implant bone for dental implants. 

In order to unite the transplant and receiving bones, the intervening tissue must 
be removed and either compressed or cancellous bone graft inserted—docking site 
surgery. An adequate time is required for consolidation and final bone remodeling, 
approximately 60 days for each centimeter of distraction [32, 33]. 

The mandible is basically five different straight lines structure, with two rami, 
two bodies, and one symphysis. Multi-segment bone transport allows the creation of 
the adequate curves and angles with the height and width necessary for dental 
implant insertion [31-33]. 

Serial radiographs are useful to visualize bone formation and mineralization, 
to remove the distraction appliances, and to insert dental implants for dental 
rehabilitation [31-35]. 


5.3.2 Preoperative Planning 


Stereolithographic models, CT scans, and panoramic and cephalometric radio- 
graphs are used for surgical planning and prediction. The 3-D model is useful 
for complex reconstructions, and the anatomical model of the defect is essential 
to provide the exact measurements for pre-bending of the reconstruction plate, 
application of the devices, distraction vector planning, and location of the 
screws. 
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5.3.3 Principles 


1. Because the distraction occurs in a linear plane, from point A to point B, the 
distraction zone will form the bone in a straight line. The elongated collagen 
fibers progressively mineralize in the months after surgery to convert into calci- 
fied bone. 

2. The size of the transport disc plays an important role in large reconstructions, 
especially when the symphysis is involved. Multiple discs can be activated 
simultaneously, or continuous distraction stages could be performed, having 
the initial disc subdivided, to be transported in different directions or 
vectors. 

3. The “hourglass” effect is formed if a single-bone disc is traveling over a long 
distance, or if the original thickness is not sufficient to create adequate volume. 
The disc must be at least 1.5-2.0 cm in thickness, height, and length. 

4. The soft tissues also advance and create soft tissues while the bone is being 
transported. This is important because it includes the musculature and other soft 
tissues. Keratinized thick and resistant gingiva are required around the dental 
implants, and the adjacent gingival tissues are re-created. 

5. When bone transport involves the symphyseal bone, a genioplasty must be 
considered to maintain symmetry of the chin. 


5.3.4 Multifocal Distraction [35-37] 


The concept of multifocal distraction is based on the use of multiple bone discs to 
repair the defect and allow rigid fixation to maintain the segments in place. 

The reconstruction plate is placed holding the remaining bone segments in 
the correct position with at least three bicortical screws on each segment. For 
defects including the body and half or all of the symphyseal area, a complete 
side-to-side reconstruction plate is indicated. The distraction device travels on 
top of the plate for vector control, and it is placed supra-periosteally in order to 
prevent contamination with food and saliva. The biological principles of peri- 
osteal nutrition must be maintained. Major angle-to-angle reconstructions are 
performed in either several stages or using a multi-osteotomies/multidiscs 
concept. 

First stage: the tumor is resected after fixating the reconstruction plate. To 
avoid segment displacement, the distraction devices are fixated according to the 
transport discs design, ideally a 15 mm size disc and a 2 mm intraoperative acti- 
vation. The first disc usually extends from the angle of the mandible or from the 
most posterior part of the body; this segment will travel to the canine area. To 
avoid plate exposure in the symphyseal area, a chin prosthesis is temporarily 
placed and fixed to the most anterior part of the plate, while the two lateral discs 
(distraction discs) come forward, advancing the associated soft tissues. The chin 
prosthesis 1s removed after the transplant segments have been advanced to the 
parasymphysis area (Fig. 5.9). 
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Fig.5.9 A 45-year-old male with ameloblastic carcinoma who underwent three-dimensional man- 
dibular reconstruction by trifocal transport distraction. (a) CT scan of lesion. (b) Reconstruction 
plate fashioned and drill holes made prior to resection. (c) Resection specimen. (d) Transport seg- 
ments created by bilateral sagittal split osteotomies. The plate is fixed in position. (e, f) Distraction 
devices in place. Each segment was distracted 35mm. (g-i) Schematics illustrating trifocal distrac- 
tion to reconstruct an anterior mandibular defect. A chin implant was fixed to the reconstruction 
plate to prevent soft tissue contraction during activation. (j) Panoramic radiograph preoperative. 
(k) Panoramic radiograph during bone transport 


Second stage: reconstruction of the symphysis. After the first disc reaches the 
canine area, the traveling disc 1s sectioned in half, forming two discs. Rigid fixation 
of the posterior portion of the original disc to the reconstruction plate is accom- 
plished, and the distraction device is removed. The anterior portion of the disc will 
continue traveling to traverse the symphysis with a new distraction device. It is 
important to fix the already transported disc to the plate to avoid the spring effect— 
the contraction of the collagen fibers pulling the segment to its original position 
before mineralization has been achieved. The consolidation period for major move- 
ments is prolonged for many months (Fig. 5.9). 
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5.3.5 Distraction Protocol 


Seven days of latency period are recommended, followed by a 1 or 3 mm activation 
rate until distraction is completed. The distraction devices remain in place as a fixa- 
tion system for 2 months for each centimeter of bony gain until they are exchanged 
for bicortical screws inserted from the reconstruction plate to the bone. 

Third stage: at the completion of distraction, docking site surgery is indicated to 
achieve bony union between the two docking segments. This is a short procedure 
performed under IV sedation (Fig. 5.10). 


5.3.6 Docking Site Surgery [32, 38-44] (Fig. 5.10) 


The docking site is the area where the two bone segments meet. At the completion 
of activation, the leading edges of the two bones are usually hypertrophic and 





Fig. 5.10 Same patient as in Fig. 5.9. (a) Frontal view preoperative. (b) Frontal view 2 years 
postoperative. (c) After the consolidation period the fixation plates are left in place. (d, e) During 
consolidation, zygomatic and dental implants were inserted. (f-i) Occlusal views: preoperative, 
during bone transport with devices in place, and during consolidation (note second molar in mid- 
line), with final prosthesis on dental implants 
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sclerotic, covered by fibrous tissue. The two edges should be as close as possible, 
and the nonvital bone needs to be resected. A mucoperiosteal incision with minimal 
periosteal elevation is used to expose both edges. It is necessary to obtain a network 
of neoangiogenesis from the bone marrow and periosteum to enhance bony healing. 
The bone edges are prepared by making multiple perforations with a bur into the 
cortical and medullary bone; the distraction device is activated until the two seg- 
ments meet; bone graft is obtained from the chin and inserted into the defect. Rigid 
fixation is established between the two bone segments either by the use of the recon- 
struction plate or by insertion of two miniplates. 

The patient is placed on a soft and liquid diet for a prolonged period of time. 
As masticatory function is diminished, there 1s mandibular hypomobility and 
TMJ fibrosis, with interincisal opening reduction. The patient must commence 
daily functional and physiologic exercises to stimulate masticatory 
movements. 


5.3.7 Dental Implants in Bone Transport 


Implant technology allows the use of inclined dental implants and zygoma implants in 
mandibular areas where the bone of sufficient quality and quantity is available, per- 
mitting the prosthodontist to fabricate a fixed or hybrid dental rehabilitation. Most 
patients have quality bone in the symphysis area where zygoma implants could be 
inserted and the abutment is based at the level of the mandibular canines or premolars. 
Most patients are dentally rehabilitated with four dental implants in the anterior man- 
dible with standard fixtures and zygoma implants inserted in the mandible. This pro- 
tocol allows implant anchorage in the adjacent bone with mucosal penetration at a 45° 
angle and management parallel to the anterior regular implants. 


Pearls and Pitfalls 

e Intraoral mandibular distraction can be used for widening, lengthening, 
and bone transport. 

e The techniques are surgeon and orthodontist labor-intensive and require 
close collaboration. 

e Custom-designed distraction devices are often required. 
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